In vitro studies have demonstrated that TSP-1, SP ARC and TN-C inhibit the adhesion of cells to normally adhesive substrata.14-17 Although there are no data on the expression of TSP-1 and SP ARC, the expression of TN-C in PBK/ ABK human corneas has been previously reported13 ,19 TN-C is a multifunctional glycoprotein whose pleiotropic nature is due, in part, to alternatively spliced mRNA-generated variants with relative molecular masses (Mr) ranging from �190 to �320?O-27 Patterns of alternative splicing of human TN-C mRNA, known to occur in the region covering nine TN-C fibronectin (TNCfn) type III repeats, TNCfnA1 to TNCfnD (Fig. 1 Pt, patient; Comp., complicated; Trab, trabeculectomy; CE, cataract extraction; PK, penetrating keratoplasty; CE-PK, period of time from CE to PK (in months); rOL, intraocular lens; ACrOL, anterior chamber rOL; 2°, secondary; SE, sub-epithelial layer; BM, basement membrane; AS, anterior stroma; MS, mid stroma; PS, posterior stroma; DM, Descemet's membrane; Endo, endothelium. Stain localisation is shown in bold print (strongly positive), italics (moderately positive) or as -(negative).
Given these functional differences, especialJy with regard to adhesion and counter-adhesion, we postulate that these molecules may be involved in the pathogenesis of corneal bullous disease. We have thus examined the patterns of expression of high and low / intermediate Mr TN-C variants, with special reference to the epithelial-mesenchymal interface, in PBK/ ABK and in normal human corneas.
Materials and methods

Tissues
Thirteen PBK/ ABK corneas obtained at penetrating keratoplasty (Table 1) were chosen to include only those without neovascularisation, scarring or inflammation, since TN-C is known to be induced in these conditions.32•33 Normal corneas were obtained from globes enucleated for choroidal melanoma but without anterior segment pathology. Specimens were immediately fixed in buffered formalin, processed and embedded in paraffin wax.
Immunodetection of TN-C variants
FollOWing pretreatment of sections with trypsin (7 min, 37°C), a standard avidin-biotin peroxidase (ABC) technique,34 and monoclonal antibodies, BC-4 and BC-2 (isotype IgG1), to known epitopes in the human TN-C molecule/o were employed in detecting TN-C variants. As shown in Fig. 1 , clone D33, IgG1) , or normal rabbit serum. There was no staining seen in negative controls. BC-2 and BC-4 positive immunoreaction control was provided by sclera.32,33 The immunolocalisation of each antibody given in Table 1 was based on the intensity of the brown DAB coloration and is shown either in bold print (strongly positive), in italic print (moderately positive) or by a minus sign (negative).
Results
No immunoreaction with either antibody was seen in normal corneas except at the corneoscleral interface, where both BC-2 and BC-4 were immunolocalised. In PBK/ ABK corneas, BC-2 immunostaining was seen in 5 of 13 corneas while BC-4 staining was observed in all PBK/ ABK corneas ( Table 1) . BC-2 immunoreaction was restricted to epithelial BM in cases where there were bullae (Fig. 2a) . It did not label the stroma or BM where the epithelium was attached (Fig. 3a) . BC-4 immunostaining, on the other hand, was localised in epithelial BM, both epithelial and stromal borders of bullae, pannus and endothelial BM (Figs. 2b, 3b, 4b ). In 2 of 13 PBK/ ABK corneas (Table 1) , BC-4 immunoreaction was also localised within oedematous mid-stromal regions (Fig. 4b) . None of the pathological corneas exhibited the posterior collagenous layer (PCL) that has been described in ABK/PBK corneas. 13 As shown in Table 1 , there is no correlation between the expression of TN-C and a patient's age or sex and no definite pattern was revealed by analysis of the clinical histories. In all corneas where there had been cornea-IOL touch after cataract extraction, BC-4 immunostaining was seen in mid-stroma. However, this mid-stromal BC-4 staining was not exclusively associated with cornea-IOL touch (see Table 1 ). Comparison of TN-C expression patterns with the degree of severity of bullous disease based on visual acuity (VA) was not undertaken in this study, given that several factors, including the state of the retina and optic nerve, and media opacification, are known to affect VA.
Discussion
In the normal adult cornea, immunodetectable TN-C glycoprotein is restricted to the limbus. This is further confirmation of our previous observations,32 and is in agreement with observations reported by Tuori et al. 33 and Ljubimov et aZY The expression of TN-C in normal adult tissues is usually limited to regions of continuous renewal and repair, where TN-C may be involved in mediating cell growth and differentiation (reviewed by Mackie3 5 ) . In PBK/ ABK corneas, the high Mr TN-C variant was restricted to the epithelial BM overlying bullae (Fig. 2a) and was not immunodetected in either the stroma or the epithelial BM where the epithelium was attached to the substratum (Fig. 3a) . While the specific biological functions of these variants are not fully understood, the high Mr variant has been shown, in vitro, and also labels the anterior surface of Bowman's layer. DAB with Maeyer's haematoxylin counterstain. Scale bar represents 30 /hm.
----.: These include angiotensin II and reduced low density lipoprotein (LDL),44 and cytokines such as tumour necrosis factor-alpha (TNF-o.), basic fibroblast growth factor (bFGF), transforming growth factor-beta 1 (TGF-�l), interleukin-l alpha (IL-lo.), interleukin-4 (IL-4) and interleukin-6 (IL_6).45,46 Interestingly, it has also been demonstrated in vitro that mechanical stress can induce fibroblasts to synthesise TN_c. 47 Considering that the PBK/ ABK corneas in this study are neither inflamed nor vascularised, the repertoire and levels of the cytokines mentioned above are likely to be similar to those in the normal corneas which are TN-C negative. However, the accumulation of fluid within stroma, epithelial and sub epithelial layers of PBK/ ABK corneas which results in formation of the so-called fluid-filled lakes6-11 would be expected to produce mechanical stress in the corneal tissue which may induce epithelial cells and keratocytes/ fibroblasts in such areas to synthesise TN-C. This, as suggested by Ljubimov et al.,13 may explain the stromal localisation of TN-C seen in many of these corneas.
Conclusions
The normal adult human cornea is devoid of TN-C glycoproteins. TN-C variants are, however, differentially 
